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SUMMARY

Bleeding heart (Dicentra spectabilis LEM.), one of the indigenous plants
in Korea, is a highly profitable when improved for landscape and pot plant.
But it hasn't been studied a lot yet so, this study was carried out to
research on the distribution of native habitat, improvement of seed
germination, gametophyte formation and zygotic embryo development, mass
propagation of in vitro seedlings, temperature effect for flower bud
formation, some factors on growth and flowering characteristics, and tried
to establish for culture system of producing pot plant.

1. The distribution of native habitat and variant survey

The native habitat of bleeding heart was ranging in the entire country of
mountainous area such as Mt. Sorak and Mt. Chiri etc., excepts Jeju—Island
and mainly it was growing spontaneously around valleys of semi—shaded
places with good drainage. We investigated the variant on petal color in
native habitat and typical pink was observed. Although we admitted the
difference of darkness and lightness in color according to native habitat and
individual plants, we couldn't accept as a variant.

2. Seed dormancy breaking and improvement for germination rate

After the seeds were harvested in June, it was immediately stored in
refrigerator at 5=2C and then germinated by 81.7% in the treatment with
GA3 at 3000ppm on April next year. In case of sowing after harvesting one
month later, it was good germinated in the treatment with GAs at 4000ppm
as 61.5%. There was germinated at 38.5 to 47.8% with H2SO4 treatment
for 20~40 minutes. On the other hand, it was not suitable when it was
sown in spring next year after chemical treatment in autumn and storage in
ground because it's germination was fairly exceeded.

3. Histological examine for female - male gametophyte formation and

embryo development



Microspore mother cells developed from archesporial cells, started
meiosis when flower bud length reaches around 1 mm, formed tetrad of
tetrahedral type. The 4 microspores were separated and developed to male
gametophyte respectively. Megaspore mother cells were observed when
flower bud length with 4~5 mm. The developmental type of megaspore was
polygonum and embryo sac was amphitropous. Three large and distinctive
antipodal did not degenerated and remained after embryo sac was matured.
When the male and female gametophyte was fully developed, the length of
stamen and style was very similar or stamen was shorter about 0.5 mm on
flowering time. This result indicates that this structure was suitable for
self—fertilization in this species. After fertilization, zygotic embryos were
developed through globular, heart and cotyledonary stage and zygotic
embryo was an early cotyledonary stage on seed scattering time.

4. Proper medium condition for callus, multi—shoots, somatic embryo—
genesis and multiplication

The embryo formation was good using aseptically germinated hypocotyl
cultured on MS medium supplemented with TDZ at 0.5 to 1.0 mg/L only or
mixture with NAA at 0.1 mg/L. In case of multi—shoots, it was effective
when cultured on the medium with NAA at 0.1 mg/L and kinetin at 2.0 mg/L.
In the in witro culture system for mass production, after embryogenic callus
induced on SH solid medium with 2,4-D at 1.0 mg/L was suspension
cultured, the callus proliferation rate was higher than that of MS medium
with same plant growth regulator. Half—strength of SH medium was the
best for somatic embryo formation, more than 5,000 somatic embryos were
produced per 250 mL flask.

5. Establishment for the regeneration of in vitro plantlet and mass
multiplication system

Mass production was possible through excising in vitro seedlings by 2~3
cm and then in vitro planting. Root formation and shoot growth were good in

the MS medium added with IBA and kinetin at 0.5 mg/L. GAj inhibited the

,10,



regeneration into normal plant when inducing gemination of somatic embryo
and while half—strength of SH medium was good for regeneration into
normal plant. Plantlet was growing well in culture vessel with good air
permeability.

6. Soil acclimatization and technic development for year—round production
of seedling

After cutting i wvitro stems into 5 cm long using multi—shoot, then
treating rooton, they were planted in plug cell supplemented with
horticultural soil and kept in culture bed under the 90% of R.H. and they
were survived around 95% until 1 month later. On the other hand, plantlet
formed in vitro shoots with roots germinated from somatic embryo were
planted in mixture of sand and horticultural soil; 5:1 and survived at 58% 1
month later. This result indicated that cut planting of multi—shoot was
better for year—round production of seedling than plantlet induced by the
germination of somatic embryo. Particularly, if white bleeding heart with
rarity were produced by the cut planting of multi—shoot, it could be highly
profitable.

7. Establishment for multiplication system by vegetative propagation

Stem cutting improved root formation rate with treatment of Oxyberin in
the early growth stage on April 17, and root cutting before sprout or after
summer depression was good for formation of root primordium.

8. Effect of temperature on floral formation

The seedling was kept at —2C and 4C for more than 8 weeks for
dormancy breaking artificially and it was effective for sprout and resulted
in sprouting above 95%. Seedling was stored at —2C for 8 weeks and 4T
for 12 weeks in order to flowering and then flowered above 80%.

9. Growth and flowering characteristics by culture method

The wvalue of herbaceous ornamental was improved by remarkably
increasing with spike length and the number of florets when grown at

25/15C treatment of daily range. And 'a' value of the petals, which

,11,



indicates the degree of red color, was greater at 25/15C treatment than at
25/20C or 25/25TC. Actually, the amount of anthocyanin pigment in petal
was the highest at the 25/15C treatment. The white light treatment was
the most effective in promoting vegetative growth and flower quality of
bleeding heart, while petal color became the best when grown under the
red light condition. In contrast, the blue light treatment was the worst for
some parameters such as photosynthesis and transpiration, growth, and
petal color. According to pH of irrigation solution indoor, flower
characteristics such as flower stem number, stem length, spike length,
floret number, and flower color development were the best in pH 4.
Shading method at 70% improved the value of herbaceous ornamental
having stable plant height with around 40 cm, the broadest plant width with
over 65cm and the same flower stem length as other treatment

10. Establishment of culture system for high quality and stable pot plant
production

When compared with average of flowering period according to culture
soil supplied with the average amount of irrigation, 3 : 7 of peat moss and
perlite medium was the most effective in increasing the flowering period up
to 31 days, which extended flowering period by about 8.7 days, compared
to 7 : 3 of peat moss and perlite culture medium. When compared with
average of flowering period according to amount of irrigation with average
culture media ratio, the amount of irrigation also affected the flowering
periods. The irrigation treatment at 1,200 mL per day was the most
effective in increasing the flowering period up to 32.7 days, compared to
that at 200 mL per day (20 days). As a result, a combination of 3 : 7 of
peat moss and perlite medium and 1200 mL per day irrigation were
selected as an optimal condition for extending ornamental periods of the

potted bleeding heart plants.
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ARA BE2A L oA AL

$eibetl asol Qi FEe] AAAS} WolAE Fajsty] fste] IAIE
ol F2 AN-RES Z9AY, i Fd-RES JRAY, 3hdmds
Ag, Ar1Esh BARe A4AE A5 97&99 AR L A% M,

PN
1 m
Ex g 59 5¢ BEse] ARE 2PF F A8 gAskel sty A

2. AAA Y &R EHZEA

2002 12459 Seuet Hdo 593t A LA AR S a4k
olEd W i 350m A Hel 2% data logger(LI-1400, LI-COR, USA, SK-
L200TH, Sato, Japan)& AX|ste] 1AIZIFA SR A - HA 7] 2 A2 FE 4
FEE SAS A8

dtol-g 3 Iy i

695w ATste] =3t FTAE Ao

o] BypsEA AgS AAsATh 1A R = ol 5 29 2o WA AFT
ol Fako]l FHE DS 943 s}stekE o7 H,SOs 5, 10, 20, 4032, NaClO 1, 2, 4,
6% 2], kinetin 50, 100, 250, 500 ppm # 2], xylene 5, 10, 20, 40% =&, KNO;
0.1, 05, 1.0, 20% A&, GA3 50, 100, 250, 500, 1000, 2000 ppm 2] & sS4t} A g
T 24N FAlste] A2 ol E£§ste] Petri-disholl wol 52T Wi
o 2/ AT F 49 & AU FF el FFdte] Lotss XAMSHATH
22bd == 129 25 HoSOs 10~80%, GA; 250~3000 ppm, KNO; 05~8.0%2
Aelste] 1abd et e WMo Aste] 403 =gl gF ol 9Eat
AaL, AFAEL 69 AF 1Y F GAs 250~4000 ppme 24417+ s & 52

%

= ol 7 23 FAS] gFeidi 3abd Rzl 1, 22 Al M T A AH o] &
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S9E GAy 1000~5000 ppmO.E AN G A FA4E JFael A F ol
F 9 49 GAE Astel BEss Yo nuagt RE A¥e 249 3%
Al A ALY 10094 398 don GEehan Yol 159 ¥ 29

Ao zA g

4. A -3 WA FAH L v d2HAPFY 2HEFH AL
w33kl A - Sule-A FA D e RAgS xAbsty]l 918, (F)aHAlobe
ol AAE AgeA g7t dAH7] Al ztete AREH FAEAATIA 4 A 7E
2 AQF 3] ARG Al5E A A(formalin : glacial acetic acid @ 95% ethanol
1:05:5:35 v/v)elA @71A120 F 48A17F o] 1Akl i85 A
B+ X% ethyl alcohol series B34S AR & ZAE paraplast® 3 FA] 7
Zustaet. ¥ujE A EE rotary microtomes ©]83to] 8~10 um FAL AHA
HE THEo] A gelatin®e & FE 3 slide glassol 2 HHE HZA#H . & paraplast
= xyleneol| Al AastA 1, AL 1% hematoxyline?} 0.5% safranine®Z o] ¢
Atk ¥ AHS permount(Fisher)E o] &3] B dste] I E oz e
% 33adn A (Carl Zeiss, Axiophot/Germany)stoll Al v x #Rslgdct. F33te 7
sk v Eelo] R YA gEom HoAe AHow Astth

¢

5. AL, tobA R AAEN TG FHo HFH wAxA TH

O

2]
w'dst FAE 68 A A5

)
r

Far gt stell A A Fske] 5T WAaLe] 1

T 70% ol ©& R 1987 AA, 2% NaOCIZ 158 5oF HHAtsh § A 42
5 FAlsE T EE FAE 2 mg/L GAsZF H7hE MSuiAl el 243l ok
FAE Tol& g o] flste] FYE TR FEA Rt & Uexs A

W, wolg e A% 2 Fol AT

{
ox
B

o

|

of

]_

Jfu
3

v A~ f7) 9 AW
wjek 2719 & wold FAEA(F 4 cm A7))Y E7]E 5 mm A2 FEhA

05~3.0 mg/L 24-D7} ¥3%¥ MS (Murashige and Skoog, 1962), SH (Schenk and
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Hildebrandt, 1972) wj=]ell 4z} 2)7Jsto] 85U wiget s A

T23S HUbshA &2 MS 7]Euj Ao A ge & AAZw FHES
ZAFSL T ol wiA]= MS % SH 7] Eul=]ol] 0.8% agaret 30 g/L sucroseE

7b8 3 pH 58% ZAsPoH, W &% 23:2T F45 24 um %s ', 16h FF7]
EX

ohoud g A 4 9 sy
WA e se FAE flshel LAMA A WA A xE AEstn olE o

Auf x| o A HEwj kst & 100um sieve® o F}3Fe] #A3 vjE A AHAE FEI

Atk dErufckel] ok wjRAy Aol HAFAERTAE FHESLA 1~8 mg/Le
24-D7F 23¥ MS % SHufAel Zhz; wjefstslet. ofwf wid-Ay ze 2o e
packed volume 1 mL (1.0 g fresh weight)® 3}o] 250 mL AtzZZ e}~z o] 2 &)

= 1A, HAedh 24 FAE callusE T2l AAE wjA|
A|dakel wgstdel olwl WA= MS, SHu A9 s|Mm&S 22 05, 1, 29 =
=t

@, AEAe S S8kl 01~1.0 mg/L ABAE FH7H3

6. 710 +A=A AB R 7IHTR HWFSH AA &4

AAEafe] FHA TolxE Tt i AFAIZI AAEEE MSe}
SH 7129 ds=s 22 054, 19, 2vj= 2ejstal GA; H7FeE LA uf =] <
oj4slo] 453 Wi F Az A WolsE ARSI AT VTR

o] fFSAS flate]l 3 cm Welo 715 A, 71U Al o gl A

7. HHEAY EFes 2 FE FAYY
wasl zsh wEd A4 AEAE Auee 47 zauz 2AAH 3w

- 1
Hog PHAnt o] A& FI7]L 24+27C, ozt 18427, F% 80% x719]
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Aol A AAHAT 1~3 mm 27|19 Refo} do g FEI}F v g2 T3
EEA F3A7 F 2F 47 Fo AELE 2AEA L

T3 7 FAEAY EYEds £715 4-5cm o2 ZE FES PAI 7
of flEFE yro]l Y& FEE A Ty S AAste] 25+2T, F&
90% W49 chamberol A W& FE35to] FEO o]2489

i

9. stolgHo BelatE 29 79

S0 A4E G948 FAE ARl YRA 194 BE o $sHATh AL
AP ALDE olf 24,8 12C 5 442 44F F /0L 4,8 12 79 5
3l F9la, 99w A9 sha oo B ez AstArh A F 10T
FAHE 240 £ Wob R A%E 5L 2ANGE, AFEYA AFEHS =

Abek et

H

10. Aujtdel e B35 2 ASEY 73

AgAEE Ul AT TAE AFSIS ol ASAZ 294 HE o] 831
t}.

7F Feok duzabrt S Ao w X = gk

22A 2= 20039 4¢ 7 AAGEHAA FFIF SdE] I o & Fol
Q= AFAo R A FH/okE &xE Z+7F 25/15C, 25/20TC, 25/25T & 83 &
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L B4 Fiel we she ws
T 20039 4€ 7Y AAgE A shE v g A s o
Foll &7 A8ttt ¥ E7F+E Red, Blue, Red+Blue, White & 442 &

ol

o]

oo
s

o] AL
U

o
X
ox o

ol

Fst4d EA ) anthocyanined %

o Aol A pHA 2ol w2 stae] Wl 1
59 109 87 288 g5 AU(45-50uEm %)l &4 HAgstanh pHE 3, 4, 6,

8 5 4dEz AASIL, 2, 4 9 AFEA, HA2L 5 2AAG

o Ayl nhE A% 2 ASEY 7
srol AAR Az 39 & WelolFol AR AP HAshe] A shglon],
Agu] & FA%, 30, 50, 0, 90% 5 52 ANSAT AKA7HEL 7123 A

29 E4e 2ASED, A% 2 AREY 24, §E2TY, 34 2 297 4%

11, 233 ¢ABF £3qLe AT AuAA &4

AEE EEAME AT AA GE 2 A5 TEAES 39 109 Fdo] ¢
s Btutdl HE 25x25em SOl A ko] o] &ttt vkl Fx A EFNS
o] &3t a, MAEHSELS peat mosse perliteZ ©]€ 7:3,5:5 3:7 % 3349
Z A 19 #FFFmL/L) 200, 400, 800, 1,200mL & 4x =2 3F 23 &
Al adh B AAAFEES ol &8, AS 2 NS S 24 4 &
%, M pH, EC, A &AW Frlel2Fd 55 ZAsAH
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Fig. 1. Distribution of bleeding heart (Dicentra spectabilis LEM.) in South Korea.
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TdeATH Y 2). 1¥ F Ha2%7E 09T, HA 56TE 7 wekomn 129~3¢
o= HA 129~-56% G35t LETEE BT A9 A% 7] vg A

S HYEdU(1dg 3) 7~8¥0] HuAE Ho Hi 220~229C, HA 196~208C4
I A0l HALEE 1~29dw A S Ho] -08~-19CE yedlith 397 7=

oA HAA 7 &E 10T ols wgrort Aee 2Ce] £rAY] Wil Fd5 A
o BAbE o] FolAA ge Ao® @uETh HiEt 38~8874 B 60kLux

e

NG LRE oF o 19745 20klux olUE UeplrhFig. 4. #=s U
Tl BA 9 Tl AME RS SAsGE vh AR o] s

% ofe) wtaER oA #F AElEz wup e Frvt Hsicia Az

wEE 2002 8EF-E 2003 627HA 1A=t FAME G 2 104 ~ 2
T 2A] Abol 7k ZH v HA 20% A3 dlFE 70~90%EF UEFHOm ofzhel =
shdelQl ol wokth(Fig. 5).

B

Fig. 2. Distribution of monthly maximum and minimum air temperature
during 3 years (Nov. 2002.~Nov. 2005) at bleeding heart field in
Daea region, Chonbuk Province.
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Fig. 3. Distribution of monthly maximum and minimum soil temperature
during 3 years (Nov. 2002.~Nov. 2005) at bleeding heart field in
Daea region, Chonbuk Province.
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Fig. 4. Distribution of monthly light intensity during 3 years (Nov. 2002.~
Nov. 2005) at bleeding heart field in Daea region, Chonbuk

Province.
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Fig. 5. Distribution of maximum and minimum air moisture contents
during Aug. 2002~]June 2003 at bleeding heart field in Daea
region, Chonbuk Province.

3. TA9 FHE % TopA
=AW gGFel sFE FAe] Wole HF 1259 F5H #FHIAA 65

1Adee] A9 WAAe F TR 7HE sorES Ay & FAste] 2
o mie} st 29 WAA e & gFd A gz ol 55%0]

Bt oy HoSO0l 587 Al & tiz79] 3ul9l 15.8%°1oH 20% A &
T7F 385%, 408 Aol 478%2 Hol B AT F b 53 dors s
ATHE 1, Fig. 1-@). GA; A&+ 50 ppmA &7} 15.0% 2 HoSO, 587 2] F+9} o
Zag oy s% Sk wEl & xolE HolA o} 500 ppmA ] 7A H| 289 o
1 1000 ppmell Al 282% %= °F7re] ZF7hE KT 2000 ppmTE 355% % 7HE
&tk NaClO A= 1~6%71A19] Wolgo] 165~228%= foA S HolA
dot gz B 2~3ue F7HE Bt KNOs 0.1% A2+ o9 v
sdgom FEZvbd wmE ofzte] FTUME Hiou 2 adE dehA EI
kinetin® xylene] 2]= tzx7-9F H]=stAY Q388 A%< 485 HAh

Z =

fol

Kooy g
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Fig. 6. Seed germination and cultivation in pot and vinyl house on bleeding
heart. @ Germinated seedlings after 2 weeks after sowing, @
Seedlings after a month of germination, @ Seedlings before
transplanting, @ Cultivation in pot, ®—® flowering in pot and vinyl
house.

,37,



B
K

,38,



Table 1. Effects of various chemicals on germination in bleeding heart

Germ. Germ. Germ.
Treatment rate Treatment rate Treatment rate
(%) (%) (%)
Control 55 ¢ Kinetin 50 ppm| 75 a Xylene 5min. 20 a
H2SO4  5min.| 15.8 be 100 55 ab 10 12 a
10 32.1 ab 200 2.7 ab 20 18 a
20 385 a 500 15 b 40 32 a
40 478 a GA3 50 ppm| 15.0 ¢
NaClO 1 % | 165 a KNOs3 0.1% 7.7 ab 100 148 ¢
2 22.8 a 0.5 9.2 ab 250 155 ¢
4 183 a 1.0 132 a 500 185 ¢
6 16.8 a 2.0 12.0 ab 1000 282 b
2000 355 a

« SFEA T 24NN FARAT 2 weheh Egshe] 5r2ColA 271 €3t

1Apd e A Age] wgh 2xd R Wold H o] FEEdY HSO0.9 GAE
Adstd = FAYF A5 1€ 119 GAs, HoSOy 5 8hstefAl S AHelstar 2
Aot SHHs ] = @MGH F o5 B 2o vFd FAe Wol: BF 15
d FHEH #FHAD 65U F FEAJTU gzt Wolgd 38%d B
S} HoSOgol 10:23F A2l +4+ 1 E dExHET 38 SUFskR L 20~40% €

B 203~243%5 1ol 7bg Fsetgla 0% oAM= 97%% a7t ZA ekt
THE 2). GA3 A28 250~500 ppm* 2] 7} 17.7~21.0% 2 H,SO, 107 2] ¢} 1]
239l o4 1000ppmoll A= 40.7% = 28] o] AA F7H8k7] Al&Feke] 2000ppmel] A
T 63.0%, 3000 ppmol A= 785% HA FTFEIA A FE FUtel whet Fmg o}
e Btk 1AdE A vad o 23 bdRel A HSOA4 8 Huhs 23]
A A A FelA o ol waEM s 80% 7 Ee
Bolg S Btk ole} & A= He g ol wEh Fxke] A A e o
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2 ol JlQstgrta AZET. £ Fae] dolE 9% wAPPE o
¥ SEA wobsl 498 QAo EsA 2 wolvhn BEE vk

Table 2. Effects of HoSO4 and GAs on germination in bleeding heart

Treatment Gerr(rg/;))rate Treatment Ger?{}/.o)rate
Control 38 ¢ Control 3.8 e
H>SO4 10 min. 13.7 ab GA3 250 1777 d

20 24.3 a 500 21.0 d
40 20.3 ab 1000 40.7 ¢
60 14.7 ab 2000 63.0 b
80 9.7 bc 3000 785 a

b B 1abdEel 2abd e APARE AR 3Hd R GAz WE A
vk Agddew 20049% 69 AFTT TAE YgaLe AGstHA UhE ¥
GA3 250~4000 ppme A skl HFaA™ vk GAy A TlX e 33 254 §5
B wolslr] AlAsATh R Lol 13.3%°l =7 3kl e 250~2000 ppm
AP TE 16~293%5 Hol v kstunt fo#ed S7HE Btk 2y 1
3,000 ppmell Al 43.0%, 4000 ppmell A= 61.5%°] Wop&S we A Fi=
5 wopgo] AA FFHAHFig. 7).

&9 69 AF FAE YA BAsArt olF & 49 GA; 1000~5000 ppm
S Agstel #FAY v #F 108 FHE Lopsty] AAEATE GAz 1000 ppm
ol M= 24.7%% AA ZF7H8E%aL 2000 ppm 55.7%, 3000 ppmell A& 81.7%= ¥ A &
A F7ste] B A¥ F Mg 4EF wobgs JEWt(Fig. 8). 1Y aE
4000~5000 ppmell A& 16.3%~31.3%= A3 Axg woleS e, 39
Ze] ol & 3% WeR 3] wdetel 1, 2ahdRe] 38~55%9 Hdh
Aok Aol 133%° A % viFch o]k T Az wFo] & o a—%z‘z}
At w drol Aol FzalthE VES] BPA HAS SN Fria B 5
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Fig. 7. Effects of GAs treatment on germination rate in bleeding heart.
* Seed collection : June, 2004
GAj treatment and sowing : July 2004
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Fig. 8. Effects of GAs treatment on germination rate in bleeding heart.
* Seed collection : June, 2004

GAs3 treatment and sowing : April 2005
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4. A-EwA 4 H e AR 2H5F 24}

7}, &4 8] 9-A (Male gametophyte)2] &%

Fgato] HEPERLmE BATAS Ry on BRe AiH(Fig. 9), o] 2ol
7F 1 mm A= Asks o, Mg bell AFZARAEZ BEHA(Fig. 9 A), = A
HA FrEds AlAete] o] 2712 Fdete] 24127]7F "rh(Fig. 9 B). 3} 9
Aol7k 2~25 mmel A= 23 22 A7 P EAL(Fig. 9 C), 34# 9 Ao’k 3~35
mm gEolW 22k zhgitde] dojut 43 A7 AW, et de]l dojube
oo AW A (tetrahedral type)o] T (Fig. 9 D). ¢
"4 0 = microspore tetrad®] FEj= @A F oA = A5 5 (isobilatral type)©] il
Tt ATl = 4AAFolth 4EA 7 22 S o] 4] AxAE W
==t (Bhojwani and Bhatnagar, 1974), olwl Ax7} HNZ A T} 35
o] Aol7} 5~55 mm HAE HIS wf, &z

TodHE fohFig. 9 B). AXAME AXARAEA 4RATE FAH
calloseol] 93 Eeind v EeA U (Erdtman, 1969), callose”b #3€ ©] %
%71 %= gt (Robertson, 1984)= H7F l=d], 53t AXAH Y JH4S F
7] Sl e e dAEn A A #Ee] et MAdSs AxAE Al A Al A

GAE A 5, gAl FE o] HH, ol
Fig. 9 F), Hibiscus syriacusol~ 7] 3}A] 7]
-(Kim et al., 1995)2F= AJolst Ayo|t}, §
G sHEo AA7IZE EoF Al&ste] RS AEAA F= T89S )
= Aow 4#A dvh(Mepham and Lane, 1969; Heslop—Herrsion, 1971; Esau,
1977). 3, 3t# 9] Zol7F 9~10 mm BEY w), AFEAFo A w3t 34wl (3}
T AxsHder dEe 2SS UElAS(Fig. 9 G). 3¢ Zol7F 20~22 mn
AE7F S st o] HAL RS AFEHAU. LI FES oS
el A= dEmeed ZolA syl AAES #EE + AAH(Fig. 9 H).
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POLLEN
4& TUBE

a% H

Fig. 9. Formation of male gametophyte of Dicentra spectabilis. A,
Premeiotic pollen mother cell (x400). B, Binucleate cell at the first
meiotic division (x400). C, Dyad stage (x400). D, Tetrad stage
after second meiotic division (x400). E, Formation of pollen wall
(x400). F, Immature pollens (x400). G, Mature pollens (x400). H,
Germination of pollen (x400). PMC-Pollen mother cell,
TA-Tapetum, BNC-Binucleate cell, DY-Dyad stage, TT-Tetrad
stage, IMP-Immature pollen, and MP-Mature pollen.
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2) A3 vl 9-A (Female gametophyte)?] & Al
wdste] AAE A TERgs st ow AFEFd A, (L] Aot
5 R e EAAEIE Zeuo] o] EAAELS} ou] A AEZF
= @A, FHAE BlE 277 2 EARAEZE HEEH A (Fig. 10 A).
28lo] A #EELES v YEARAZLE 8 Zol7l 9~10 mmYUH, 47)9]
HEAE GAstdo. 48 xR T Ule AS 2Ede] Jlsd dEA
(functional magaspore)”} ¥ i1, 371 = H &=t (Fig. 10 B). 28] 31, H] 52
ghFlol A 71eA WA Hx FIEREL 28 UxAAE AT & T dF
E7F A7IAA o] S5 AR NfHoR AR, 23 FIELR 4947 H
ATHFig. 10 C). F2ztell o] A% & = 83 tfEAA I P E ] 1] o] F
Ao g o]Fatal, oo Alx¥o] PAH wet Asd dEAAE 349 vEAE
oF 1719 LAE, 2719 ZAXE, 2719 F3&
&% (polygonum) ol L L, g3t w59 Fel= wold= =4 ulF(amphitropous) &
UeERU A th(Fig. 10E). shsjZel7b 20~22 mmA =l A Jststs Fdsks 7ls 10
d 5 e we uide] Holm, o]ufjrtA]
A e A #EH AH(Fig. 10 F).
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ZE FHAEd, o9 #e gAe e dsMI(Corydaleae) &35 A <E(genus
Corydalis DC.) A Zo M= Ahs S zt= A ¥ Ao &3 B (0Oh and
Jang, 2002)¢} AR, oA 7FA] A Eol A RESAEE A5 R ofyet &8 A}
Auf A e e -5 e FA S HlEE A7 dol ARA = ot
Zpol7F Y Aow AZtEt D'Amato(1952)=  Aconitum napellus, Papaver
heldreichii 2 Hypecoum procumbensol|X WFEAIZ ] At] sijo] o] A MA 9]
Zdo] AAMAY N F#E(endoreduplication)o] &3] o] FojAL HuFAT. F
@sho] WA AN o] FA7)Ze] HefA = FFol o] Folxof T Ao
Eanch=g
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- I“a'*&..

Fig. 10. Formation of female gametophyte of Dicentra spectabilis. A,

Megaspore mother cell (x400). B, The functional megaspore has
enlarged while the other three megaspores degenerated (x400). C,
Four nucleate megaspore (x400). D, Sectioned embryo sac have
three large antipodals, the central cell and the egg cell (x200). E,
Matured embryo sac is amphitropous type (x200). F, The cross
section figure of matured embryo sac.(x100). MMC-Megaspore
mother cell. FM-Functional megaspore. DM-Degenerated
megaspores, II-Inner integument, OI-Outer integument,
ANT-Antipodal, FC-Funiculus, EGG-Egg cell, and EM-Embryo.
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3) A i A

2L A & (dicotyledon)?l =@ 3= 738 (Fig. 11 A, B)9] g dA A wx}
HA g d2A G Fig 111 OS5 AXAA dv 27] A9E Wz 2eshiA
ZF4 (cotyledon), ¥l 5 (hypocotyl), 4hifi(radicle)S Zti= Aoz FAFAY. #45
Ire] e Ae A Hole= 9, A4E, AP BaEdAs T3t wait H)
FAl RGN e FAdEA dEwt 2SS Fe] dEAE 4
cava ° 735 FAAEA FA 3
AR5 5 T2 el A =5 A vHEames, 1961), w38k
Az A4E3E AAd =71 A9F 74 2dHo des #EFE 5 U

th.(Fig. 11 D)

)

= HiE iR (proembryo) X B o] a1
735

Fig. 11. Embryogenesis of Dicentra spectabilis. A, The seed has a
globular stage embryo (x40). B, Globulat stage embryo (x100) C,
Early heart stage Embryo (x100) D, Cotyledonary stage embryo in
seed without seed coat (x40).
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NEDR EERETERL R
Fdstel 2o Fua 54 BAF A3, U= oYL T AL 2RO

27h BAst Asdrie 22 dHE JelAd T (Fig. 12). d3k= 4719 &A4A

(whorh = 48 W@l Zolth, 7bg nhgze] g4l 2w (sepa) 7He
Hdmakoln], 5o Aolz} 15~16 mm7h 2 WX Aok} WojAh ¥ oA &
AL FED(petal & W g FY 243 Fu A AF E 2g0] Ak W T

=
Qe AN FHoE FHUA FUURGS VEL, IF RYLS g FoIE 2

v dEHElE A Aurt T2 AAA ] 47 0] A WolHth A WHA
F2AA Q1 % 7] (androecium) & o] Fo 3 < (stamen)> 7Nt Wl 71X 6707F A9
2o Zdolx ARzt v HA SAAAE AY(carpel)E TAAE o< (pistil)e]th Al

= AW (ovary), d&(style), &M (stigma)e] Al FiEoz FAH YSS
4 g g AdAT A (ovary)S HEAGS 7FALL e MEk(ovule)E AAHE T
(Fig. 12 A). b= A5 Feid 2o/l #urHFig. 12 B), gt A 744 +=
WA=k dol2 e th(Fig. 12 C), A2 FHRHALL g /e hEoln duf=
Aot gk mRe] F 12~2070¢ FAF Soldith wdske shEel Zeolrt 9~10
mm% W AXATF AeEe Ao yEuton widE 78] o] Al T

=9l & , A} wido] e Al7le] Aol &AxAVE B AHEE,
dE s Aol Zol7t o] AstgAe] o HHH(Kim et al, 2001). ool H] ]

G3te= e 8 Aozt A9 vy obd|Fs st e dEo] e

m = A7) wiEel(Fig. 12 D), E7b#de] HAW 27bF7F vz ¢f
sl 7] A F2E olF 1 A5S & F UAATH w3 vpg FESlo] H§-
2 Ho = Ao s b ool REHoR ey &S A I oA
o= <13 AstrAol Agpsivta ddEh ol A4S FdEts A Eo] ofA|o}
oF HFopmelztel] oF 109dFo] Ui, FEyEtels WolEl M Fdstet L5

T8k 2% = A 2T Aol s dA

3

i

A wande 249 4%
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Fig. 12. The structure of flower of Dicentra spectabilis. Flower bud size
A, 2 mm, B, 5 mm C, 18 mm. D, Flowering stage, 22 mm (x40).
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4. AL, gopA & AAEw TAF FH HF wiAzA 79

W e e
T BAe A RFE o

mg/L GA; 7F wjA]el wj

FoaEss ARk Ash Fabwel Al diEst 20
b AS 717t 67%SF 89% = W Z=Et gl ey £

ol

¢

of 455 22 e AAS W F VI2WAS 2 mg/L GAsE H7FRE wiAel A 2zt
b kR g 42.2%, 57.8%°] ol&S YEMWAtH(Fig. 13). ol ZAdziH
qugt FTyE R wEEke] Jiu dopAel GAs AEEus Ty dRE 2R P
gl A 2 =d4Qd AMgdel adHdE & 7 it

80
E 60 F
=
.8
E
e 40
o)
)
3
> 20
Q
o
19)
=
4 j ﬁ
E 0

Control wound wound +
GA3

Fig. 13. Effect of physical wound on germination of zygotic embryos of

Dicentra spectabilis after 2 months of culture.

o
ooty 53 2714HE 24-D7F kel MS 9 SHuiA| o] 747 8F Uzt
&2 MSHlA A= 05 mg/Let 1.0 mg/L 24-D A+

A 100%= 7Hd =A YER o™, 3.0 mg/L 24-D A FelAls thAh 7HAsS
o} kA, SHulAlol A Ae s FE&2 05~20 mg/L 24-D HgFoANA= A
AbstAl WEbwt o™ 3.0 mg/L 24-D A el s askadnh A o] A7 B
29 FEE AAHozZ MS #jA| oA SHujA| o H]



33 ¢ F ASAH(Table 3).

wdste] TR 3Tl 90U WHEAolAE WolalA] ol F7|ire] s
A Aow Budey o HKim and Chung 2001), ¥ Ao E= 15CoA 271 L3F A2
Mg $ 25451 TCE &A BstE A7) wldol FHEr g7}t o] FolxA] o} ofF
S callus TAES BHS o Ay 2% o e 2EoA ] gt T3
Ao wE Aol FHE A Fo w3 A7 2o Ao w e

ok

Table 3. Callus induction rate of Dicentra
spectabilis on MS, SH media
after 8 weeks culture

24-D Callus induction (%)
(mg/L) MS medium  SH medium
0 0 0
0.5 100 93.3+5.8
1 100 96.7£5.8
2 96.7£5.8 93.3+5.8
3 86.7+5.8 83.315.8

Data represent the mean + SE of three replicates.

s MS7|Eu| Ao AL EAS Gy Hubek wiAed A5 7|0 g
fA o] A A 23 callus TAES W aL
AA e 2o]E ol 4= §1%lth NAA 1.0 mg/Let BA 1.0 mg/L7}
S37e A A A 101%2 71 =2 callus7t 2@ e, 24-D 0.1 mg/Let
kinetin 2.0 mg/L7} &8 7 wiX o= A3J callus’7t F=%A & A (Fig. 14
@). Callus®] A7z 29l A gz Zba) 5 ohekgh Als w ok D AE callus

N b

ro

o] AV)= 22 A ol A% Aot wkow callus HAAA 7] 3 dASA = &
otk NAA 1.0 mg/Le BA 1.0 mg/L7F £&3 719 wixol A 744 4443 callus
7} WA s o)
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Table 4. Effects of plant growth regulators on the callus formation from in

vitro immature seed culture in bleeding heart.

Plant growth Plant growth
regulator (mg/L) % of callus regulator (mg/L) % of callus
. formation . formation
NAA Kinetin BA 2,4-D Kinetin BA
0.1 1.0 3.3 ab 0.1 1.0 5.3 ab
0.1 2.0 1.1 b 0.1 2.0 00 b
0.1 1.0 3.1 ab 0.1 1.0 10 b
0.1 2.0 1.1 b 0.1 2.0 25 ab
1.0 1.0 6.4 ab 1.0 1.0 5.1 ab
1.0 2.0 1.1 b 1.0 2.0 3.8 ab
1.0 1.0 10.1 a 1.0 1.0 4.0 ab
1.0 2.0 09 b 1.0 2.0 3.9 ab

¥ Basic medium : Murashige & Skoog’'s medum.
Duncan’s Multiple Range Test (P=0.05).

ot thobAl &4

CallusZ+4-E shoot 35 F%37] f8] MS7|Z48]X| 9] kinetin, BAS} TDZE
Z+7y 05, 1.0, 20 mg/L @8 7} NAA 0.1 mg/L=e] =8 H7lste] ajgst 23
7~8F49 F7Y o] 7Fsdte] shootd] E37F w9 oA HATS &+ AN
thFig. 14 @). 25 A ola e L2 2 4 ¢, kinetin 2.0 mg/L, BA
1.0 mg/L @879 NAA 0.1 mg/L + kinetin 2.0 mg/L, NAA 0.1 mg/L + BA 1.0
mg/L, NAA 0.1 mg/L + BA 2.0 mg/L <& 7oA multi-shoot”} P = At} 53],
NAA 0.1 mg/L + BA 05 mg/L &8 794+ shoote] #3}4+= X2 shoote] A
ol A8ttt TDZ 0.5, 1.0% 2.0 mg/L &A% shoot &3t Ax3Y 2
t, callusv= 9% AFS B3, NAACS] E&FANE e ¢S HATHE
5. 533 callusZHE shoot®] FEelE cytokininf FollAl TDZ A Frches
kinetin? BAS] & 37} Fslstaith. 2 Ao T3} callusZH-E thopA| e
ol = BA®} kinetin® F%7F @& AHUE Uik 52 1.0~20mg/L sXoA 23

7 Ee & T (Fig. 14 ©).
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Fig. 14. Callus formation, shooting and mass propagation in vitro culture of
bleeding heart. @ Callus and shoot formation after seed germination,
® Shoot regeneration for callus subculture on MS medium with 2.0
mg/L kinetin, @ Multiple shoot differentiation on medium with 0.1
mg/L. NAA + 2.0 mg/L kinetin or BA, @—® Node culture of stem in

white flower color bleeding heart, ®—@® Mass propagation of in vitro
seedling.
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Table 5. Effects of plant growth regulators on the callus proliferation and

shoot regeneration after 8 weeks subculture in bleeding heart.

Plant growth regulator (mg/L) Callus Shoot
NAA  Kinetin BA TDZ proliferation regeneration
0.5 + +
1.0 + ++
2.0 + ++++
05 + ++
1.0 + +++
2.0 + +++
05 +++ +
1.0 +++ +
20 ++ +
0.1 0.5 + ++
0.1 1.0 + ++
0.1 2.0 + ++
0.1 05 + ++
0.1 1.0 + e
0.1 2.0 + T
0.1 0.5 e+ +
0.1 1.0 e +
0.1 2.0 ++ +

4+: poor, ++: moderate, +++: good. ++++: excellent response.

* Basic medium : Murashige & Skoog'’s medium.

i}

S, et WA WelEe Y UuFANe FHSLA dopt LFH 27
HAAEL cytokinin® AL 2@ s MSuiA ¢} Bsul Aol wjekstadd uf MSuj Aol A
= kinetin 2.0~4.0 mg/L H7FFell A, Bswl Aol A= BA 2.0~4.0 mg/L F7Foll A
5~871¢] trolA7F FAH Aok tholAl= 0.5 mg/L IBA®F 0.5~1.0 mg/L kinetin %
< BAZF A7bd MSujA ol Athufsto] oS #F=8klal shoote] AFE Fz et
of kAol Astaivk(Fig. 14 @).

Lazarz 5 (1982)2 kinetin 2.0 mg/L7}F 7 MS7]&28]X] ¢ 2.0~2.2mm Zo]<

F93} shoot tipS w3k A3 ZF shoot tiplZHE 65Fdolo] e =2 gy
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5 B & vz BRausgrh =3 Kim(1989)2> NAA 0.1, 1.0, 2.0, 4.0 mg/L +
BA 0.1 mg/L &4+ 5% 24-De BA £&70 3938 Adz2S s
A BE AHgolA callus7t FAAEHAL AT NAA 01 mg/L + BA 01
mg/L7F H7Fe MSHI Aol A 45% 2w 170¢] shoot7} &38tstdthal, <dol 1715
E3 2715 u g A AxdAgE] NAA 0.1 mg/L + BA 0.1 mg/L g
om 1789 shoot7} WA ATt B gk vp gl

Shoot7} &3t A=A LS Fiestz] f&) MS7]2uAe] NAA *+= IBA
7} 0.01, 0.03. 0.05, 0.1, 0.3 mg/L7} #7kd wiAle] 2~25cm #eo]9] shoot 7]%-ol
°F 2mm =719 callusE F-#38te] WS F=% 23 NAA 017 0.3 mg/L7F 2
gl wA A P e AWRE don, IBARTH NAA H7b7h @34 o|glom

(L9 15) MS7] iAol A = e o] g3kl

%
100
90 | 88.9 43,3 -
8o | ] A% root formation
70
60 [
48.3
50 [
40 [
30
16.7
20
8.3 8.3 11.1 11.1
10 6.3
O = I B
o ‘ ‘ ‘ ‘
NAA NAA NAA NAA NAA IBA IBA IBA IBA IBA MSO0
0.01 0.03 0.05 0.1 0.3 0.01 0.03 0.05 0.1 0.3

Plant growth regulator (mg/L)

Fig. 15. Effects of plant growth regulators on the root formation in in vitro
plantlets. Basic medium was used Murashige & Skoog’'s medium.

Kim 5(1996)2 &%93} shoote] ¥+ IBA 0.3~05 mg/L, NAA 0.01~0.05
mg/L7} E3E MS iR 7} 2t B a9 o Lazarz 5(1982)& IBA 0.1~05
mg/L, NAA 0.0025~0.02 mg/L ¥ Aol A F33} shoot tiplZHE 100% 3 E

=g Addna ste] 2 AdEts 4 AsolA HEE st tha Aol



7F At 12Ad =] AFES Fdle] BA £ kinetin 1.0~2.0 mg/L H7IZ2 tolA
5 F2ota callusZ2HFH 2AE shooto] NAA 0.1~0.3 mg/Lel M7tz s &
olstAl FrEste] tFFTAAAL 7S AlAFSFA T

FAAM I A Eol Lot Fdste] HEALA, A o] o3 FAote] fFEE
T3 AEAY AEste AdEdzAd e et 1~2 mg/L kineting i3 M
W2l A =alE v} 9low(Lazarz et al. 1982), FAolE &3 A EA 7|U A
Al 0.5 mg/L BAZF 7 MS7| 28] e AdjujFet = 0.3~0.5 mg/L IBA + 0.0
1~0.05 mg/L NAA Az oA B A7l Aol anAgle] By o gloy
(Kim et al. 1996), oF# 282 g SAAA= &4 ¥4 &2 HAAo|v 34,
A A vl gl o gk Fnl 2t A EA ] A E Skl #3F A= 8| (Sulaiman et
al. 1991), °}71FE(Woo et al. 1996), = 'd3H(Lee and Lee, 2003)el 4 A =% H} L
t 538 59d3te] dvv HL FAAA FEF e #2245 H 1.0 mg/L
kineting F7Fgk MS A ujA ol A AAZu S TEA 7L, o]ZRE A4 A4
W £33 A 23 8 9o (Lee and Lee, 2003), At A o5 8317 HAE S

Wl A old WMEH A4UL wud v ek

uj

T

ok
rot
)

O

2

nb, v Ao = 9 gl o FA

WA H 25 F=37] 93] 1.0 mg/L 2,4-D7F H7Fd MSILA vjR] A
W Ay zE oy 7HA w29 24-D7F 7 MS 9 SH A Ao o] 4 ato] 65
AzF wiFstArh 1 An e Abolel] wdA) Aol AA x| EFE U
Elukd], olu] iy Ao WM EE 24-DO] HEol ARl MSH|A o H]
sl SH wiAl & AH8-38S o Jzsh/ Jeluth(Fig. 16). 531 05 mg/L 24-D7} #
7he 7 g-oll= MSHi Aol vlsl] SH wiA]ol| A oF 58] =A YERS:

B ZE dAngstel A BaeH AEAe] % Agla AlEe] AV A T

A
agAR, WY AEE 2007 A3, doE AgHgen s 5o A
O~

Fetoz AFA v Y AE A or dus] SAHJoH, w7

= ddtar FAA7] AL s Jehd e (Fig. 18 A), ol¢F 22 A2 H47F
E9 A9 FAFsHA YEFETH(Woo et al. 1996). A2l AFFolAe= @bt &
2ot7le stk 53 wjE Al A ioM = FAA o] Wol EH|HE S #
Zd 7 QAT olek B2 S TdEtet 22 FA A 7] FE(Woo et



al. 1996)¢]tt A& M (Cheon et al. 1999)°] 7IWHl Al FrALsHAl #Ee=d], A5 2
B9 5oz AZHETE N7FEE(Woo et al 1996)9] AAEZujEAAA 2.0 mg/L
24-DE %383k SHoll wj¥atdS uwl 23.1%2 dHolA Aex7t dAHAL A
S W 16.1%9] 22kA Q1 v A el 22 gelE up gtk 2 Ao A MSuiA] o
vl SHuf Aol A mid g Ae] 2o Fw7F Fogh A1 SHujAld = 3qkshA 7}
MSe] FHar 508 o] @Wel H7bHA=d, o] FaA Edo] EnE A7

HEow AEn

70

N

Frequency of Embryogenesis (%,

OMS medium
H SH medium

0 05 1 2 3

Concentraion of 2,4-D (mg/L)

Fig. 16. Effects of 2,4-D and medium on
embryogenic callus induction after
6 weeks of culture.

A EE Esasr] 9ste] MS 2 SHAA M A o] 1.0~80 mg/L 24-DE
TEER 747 Agste] 4577 Mige ¢ A3, 1.0 mg/L 24-DE X3S SHuiA
|4 T2 g 7HE Ekon, 24-D vt moldTE T ELS AaEAtH(Fig.
17). 24-D9] F=7} 05 mg/L olatoll = AEFAHhs A5 A4 Zaaago] o]
Folz = do] YEhyT

2
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—— MS medium
8,
s —&— SH medium
56t
<
3]
& 4T
20
5 27
Z
o
5 0

1 2 4 8

Concentration of 2,4-D (mg/L)

Fig. 17. Effect of 2,4-D on embryogenic cell
proliferaton in SH and MS liquid
medium after 4 weeks of culture.

vl Ao m e AAEuje] B4
EEA AA o] BHES AL F4E wfA ol A v FF ] Ay Y
25 A7) 100 uMe] A2 o Fste] A& ddst FEE vhE §F 24-DE AAS L
MS % SHE Z+z} 054, 1¥l, 282 €79 =5 2elste] HAujAo] o] 2 sl
4 FAF Mg Ah(Fig. 18 B). olw) Alduige 157d A0 s sdmMAE 27
Abgeto] AAstdeh. 2 A BE A AAMEAE 24 HA=d ol2d
& PN L 7Fa o A A v EA A 3 Ak 7 ko] ATH(Chol et al. 1999). A Al
¥l Aed 21004 EAGEATE BE ofg Ao AAEu7E oA 2 s3]
thoojw R ol el dAlE zhe vl JHAIg = 058 SH dEeiAelA 7 &
Al YEFStH(Table 6). 70mLe] @EHiAlE $HF3 250mL AHzbEeb== & Tl A
o]= 3 ool wizk Hi 18617, TET M zEA EFEHHE oF 500070 o] el
ARE 2 A A7 LRSS
wdste] AAMEuEAYA Kkl Ihel kineting A el ste] F3# <l P H
zb= wj7F BASEA] eFSo] ®arE gl ot (Lee and Lee, 2003), & Aol A&
FrAEHL] HAEA & MS B SH7|EZuA A bdsh A4S 2t

Lo

[e)
L

l

ftlo

>

1>
Wi o
ox

jus)
==
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& st (Fig. 18 C), o=+ A4Hdd A=A Adds azdd 5 ATk
A, GFEel AL ABAE A st gx23E o] Bil Hol( Lee et al
2002) ABA 0.1, 05, 1.0 mg/L F%2 A2d & AAZLH o SIAHEE

A

(

r?L

G EEsl wobdss maTol Hal MARA ust e s

4 o >~
FEE 5 9l

o)

= ABASl 9% gxspt fEsh] e AL
de) Avtz vRol ¥ o, Fdstel AAAQ AT ARG Fole o7 A%

B oA P Ao Y7HAT

¢

Ag x}zx l

mlo

Table 6. Effect of wvarious culture media
on somatic embryo formation of Dicentra
spectabilis for 4 weeks of culture

No. of Torpedo shape

Media  Strength and cotyledonary
embryos
0.5 1,683+136
MS 1 850+151
2 441
0.5 1,861+142
SH 1 1,246+150
2 53+25

Data represent the mean + SE of three replicates.
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Fig. 18. Somatic embryogenesis of Dicentra spectabilis. A, Embryogenic
callus; B, Shake—flask culture of embryogenic cells; C.

Cotyledonary stage somatic embryos; D, Germinating embryos on

half strength SH medium without hormone.
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A A AR e] ol gl Z)u) A&

AAMEfo] HA otz S FHstazt Ao A freE APA7IS] A
AEzvE =5 28 GAs H7F aAufA e o] A8t 477 v F dolg S
zAbek etk 2 A3, hET9F 01 mg/L GAsx gl 79 wop&o] Z+7t 85%, 90% =
A frAbskAl YE oW (Fig. 18 D), 05 mg/L GAs °142 Aol dolg o]

Q3le #aske dFelon, oyt HYS A FEE AEAT HAGH
o7 AAsYHTable 7). o|4e ZAazRe Fdste] Aol dolA AAZa)e
olalo] GAzE S&738HA oS & F Aed, oldd A= GAsE 878

Eleutherococcus senticocus (Choi et al 1999), Acanthopanax sessiliflorus (Lee et

al. 2002) 5o HH A= Ao A7t e dAdE & F AATH

Table 7. Effect of GAs on germination of
somatic embryos on SH medium
after 4 weeks of culture.

GA;s (mg/L) No. of Germinated embryos
0 85+8
0.1 90+£12
0.5 12+3
1.0 9+2

3, iR FAd wWE A EH
A7bE A e MS % SH 7]EujA) <) 1o, 29f 2 whs A
Aol zEGA 7] vl E o] AEke]  4F AR widd F ool S FAMSAT. 1 A
3, 050 WA Sk A EH A E B wolrt AgH o ool om 53 05
5148 SHuj Aol A ey g Azxwde] ¥sstglon, wel Tt A o F
A A eFokrh. Whdel 22 e wAMA e Aol delAE Lolgo] Azt
ow NxPA W) el mekge o & AATHE T MAA), Wb T

3

sho] AAEZZEE AEA AP 058 FAE SHuAE AMEshe= 3lo] B &

=

10
g
=
[

—_

&g 2ASIA 4E4PrdEol
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dsEE 27 0.5
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ob. 7l FHe g YAt

= A4 MSHA O kinetin 20 mg/L, BA 1.0 mg/L ©&79 NAA 0.1
mg/L + kinetin 2.0 mg/L, NAA 0.1 mg/L + BA 1.0 mg/L, NAA 0.1 mg/L + BA
20 mg/L &8 wjdsle]l multi-shootE %89, 3], NAA 0.1 mg/L +
BA 05 mg/LL &&1olAE shoote] E3}4= HARF shooto] Aol SAlshdT)
tholA o] %=, Ao 23k shoots AT %2 05 mg/L BA 32 kinetin¥ 718 #] ol
Al gFste]l A4, 44120 shoot(Fig. 14 ©-0)= 7IHEH HFSH S #5+]
2~3mjo] mirE FAAZ AHES w50 At L(Fig. 20 @) v 309 %
o= BElE YAAI7] FEe 6~8cme AVIE s B R = MS
W <o IBA, NAA, 24-D % auxin®¢ BA, kinetin & cytokininiF& 0.1~2.0
mg/L #74g v Aol Aciujdstde vk 05 mg/L IBA®H 05 mg/L kinetin 58
BA 33 7bolA vl oF 25 5H fert 2 A y] Alzfste] wieF of 2714
Fo= o] str]o T AVIE FAFsHA BT (Fig. 20 @).

g, st MAFY VW fEFSAYME et dotrt x3E 7] duS
cytokinin®] A& 2ld MSHIA| 2} Beull <ol al st e vh(Fig. 14 @) MSH|A]
o 5] &= kinetin 2.0~4.0 mg/L F7F7olA, Bsa A A= BA 2.0~4.0 mg/L 37+
oA 5~8/Me thotAlZt FAHJT. thobAlE= 05 mg/L IBA9H 05~1.0 mg/L
kinetin %2 BAZF #7Fd MSuiAlo] Althulgate] FelE F23k L shoote] A7
L g5ste] tgEFsel A& th(Fig. 14 ©).

<3 71(1999)8 atrke] AR A=A ufdel A 0.1 mg/L NAA9H 2.0 mg/L BA

[S13
H
92 fEsgtn nasged 9se] A% olsh Mxw AR wATh £
:[L

A FRS WFFAS skel ] 1Ok Batel 119 F o458
fex]

,64,



Fig. 19. Growing of Dicentra spectabilis. A, B, Plantlets with shoots and
roots in culture jar; C, Plantlet for acclimatization; D, Acclimated

white flower plantlet in soil.
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7. RHEAY EFEE 2 BES fFAN

AR ol Yo S ET e vER EFE 8 E o]t 47

d T AEES A A3 mgol dES H&o] 5 1(v/v)Ql ZAA 57.6%E

M =S AESS UEYATHTable 8). 4579 ¥ M EF o] 3H¥ £3gE9

Ag- Fofol o3t AEA wAF Amr =k A2 v 2] Aoz A

A3 oty AEAE dog HES HelolE Bz 3:1:1 EFH o] 2
of AdstAl A5AZ 4 AATHFig. 19 D). & (1998)%= Fd3t =

3k Al WALE, WuFEtolE) HElolE T8 E3E AFEENA 92%9

rﬂ, R Tt M Wt FEF A

Hir b
flo
et
JZi’
mlo
T
o,
pao)
v
111

Table 8. Effects of various soil for acclimation on survival
Rate(%) of Dicentra spectabilis after transfer to

soil

Mixed rate (v/v) Survival rate Survival rate
Sand Peat moss 2 %&eng 421\%221{8

0 6 42.4 15.2

1 5 54.5 21.2

3 3 54.5 51.5

5 1 72.7 576

6 0 66.7 36.4

T Wl EA 7SR =8 717] fleko]l mj Aol 5~T7d k2

el F4& o] A3 v & Wobr Aol AFRste] AtAIl W g E
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o] 4] at Tt o] AHAFol= E3, oF 3000luxe] =3 A GAFH o7 AIAA
= &3Fgo] 73% W= ukgkt)

ojs} o] 7ol Be7t A VY FHE Bl & Al7]= dols e
o Fad = wAE 4] A=t oEFol i = x=¥e] A8¥a &

e wov @ Eoko 4Aste AF W A7)V flskd Jdl A EAY] 715
4-5cm Zeo|Z et FEE HAT o xR o] dos FEE AL zY
T KR A skl 2542, = 90% W99 chamberol A wt& FEEaL,
FEo| o243l 3} A F AAThTHFig. 20 @-®). 42 112 F gzt
TES 74% WY v FES AYTd 7= 5% e AEES B &

|

fol
ot
RN I

e AT ol de Aol M v Bl EgEstel o3 FRAMNS £V 4
gto] 7]efoll A A7 Wil EeAoletal A En. 53] o] w2 A4
TE3E o Alader FHE ANT As g AL e Aler ddHEy
g FApe] dofel o3 FH(Fig. 6 @)= 7HA skl AFAujdt 5 wdshe-2
bl AgAste] S AL ol @ 59 st em(Fig. 6 @) sHEAMETS

datel FEo o] 4% 4BAE LUelA o 3 AN AHFig. 6 D-6).

I i FA = BEETEE fsto] ool =S W Ald HA FEAER

S AAske AdH o] A9 sk BESe ek 24
ol7F A v =AM ¢

et o gmflel AF o] o] FolA A Fol E¥EEt Al &
WO RE x uAEA @ wEbA Kozai®t Sekimoto(1998)&= 7FAw 3k 3=,

Aol 24 5 7l &4 2dE VU RS ALsste] Edest A &3E

A= 3
APs F AFEE AMEy 25 FITHEE 5 x7] dAFAYE HA Fgo=
A 95% Wl EaES BYE v 398 UYEsE dEFAHeR s QA
v dekE ok
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Fig. 20. In vitro propagation, hardening to soil, and cultivation in pot.
(D Shoot cutting in vitro for multiplication on the medium with 0.5
mg/L IBA and kinetin, @ Vigorous growth of shoot and rooting, ®
Cutting in plug plate for rooting and harden to soil, @ Rooted
plantlets after a month, ®-® Cultivation in pot.
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Table 9. Effects of the different season of shoot cutting and rooting

promoters on rooting in bleeding heart.

Shoot cutting A days to  Rooting Root length No. of Root F.W

season and rooting rooting rate
promoters (days) (%) (cm) roots (g)
Apr. 17 Control 27 12 6 2.0 0.7
Oxyberin 23 28 8.3 6.5 44
Rooton 26 4 6.0 2.3 1.3

May 11 Control - - - -
Oxyberin 33 5 6.0 4.0 2.1

Rooton - -

June 7 Control - -
Oxyberin - -
Rooton - -
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Fig. 21. Effects of the different rooting promoters on rooting and shooting
in bleeding heart.

AT A S R 103 a9 229 2ok 39 229 Wi del 24t
A7 ozl gEio] ool ean 90%7F A7 4 HAth A Al
kS £ Ak 649 28Ul AbAE S A=
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% 99tk T4 A3 Wehd (39 229)
olub el Wh ol F (68 28Y ol F)el BATSHE ol BURIE Pl % MU, 4

% o 2AF A FRA Yol kol A7) WAl EIFrh

Table 10. Effects of the different season of root cutting on root growth in
bleeding heart.

Root primordium Rooting

Season of Root length  No. of Root F.W.

root cutting forrna(t(i)/co)? rate 1;?/2? (cm) root (g)
Mar. 22 90 30 45 1.0 0.3
Apr. 26 45 - - - -
May 31 15 - - - -
June 28 35 70 3.8 1.0 0.2
Aug. 4 90 85 3.3 1.0 0.2
Sep. 15 90 85 3.2 1.0 0.2
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July 28, 2004

‘04. Mar. 22 Apr. 26 May 31 June 28 Aug. 4 Sep. 15
2 October, 2004

Fig. 22. Effects of the different season of root cutting on formation of root

primordium in bleeding heart.

9. BfolFAd BAAstE 8 T4

D AFAY 3i(10¥) =x¢ dF #%(29Y)
o] Hfh H % 10€e =

sEm loen Zie A Fe A

A F3hE A bl Ziro] 93] FAHO U= A

(Fig. 23). o]AoZ {33 & =

I AES AYEA 2A ALel ke Eieol IAHE Aoz AHT we

A Q191 AQl s Agst

o2 A2 71 )
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Oct. 2002, field(A)

S al

Feb. 2003, field(B)

Fig. 23. Changes of the apical meristem between before(A) overwintering
and after(B) overwintering in bleeding heart.

2) A7k 2xe e A H AS
A 2k g VIR A & oshdel A4 A AKEEE A ATGE 1D
o] WstE AHEH AGLE7F =&

T Al wet

Z AolE BolA skt mel Hol= 21 % AR 4T o] %

oAM= 7o At

oAM= AF7I3e]l Aojdss 2 Aol Sk AtH(Fig. 24).

Table 11. The growth of plant during low-temperature treatment in bleeding
heart.

4 weeks
Treatments

8 weeks

12 weeks

-2T 47T 8T 12T

-2T 4T 8T 12T

2T 4T 8T 12T

Root
weiah 1963 917 767 683
No. of bud 114 66 82 55
Bud length o 19 5 33
(cm)

84.8 61.0 64.3 62.4

6.2 78 62 57

09 19 35 39

55.8 534 613 61.7

52 58 70 50

09 36 42 48
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0%
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Fig. 25. Changes of flower bud differentiation rate during storage under
various temperature and duration in bleeding heart.
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4) A7 2o wE ol

A AE7 e Botks B AEES AT Woksol T § adde
23~4704 Foll A A A2 s § AEE0] WEtd Aoew s d
457d AN =(Fig. 26) 2TCT= e W= shEol F4 5 24004 50 4
L= 5o 100% Wobd S #ET F Sl 4CH 2= 44 85 Aol FHuj
2 wWolr} o] Folxoy B%E FEE FASARL, 8CTE= A AF7IZro] wHols ol
30% ol Z3skA kgkom 12T+ A8 WolshA] ob del= YehlA &k
th 8Fd A% Al(Fig. 27) 2T+ A2 1569 Fol 100%Bob7t o] Foixar, 4T+
A2 309 Foll 90%0]/do]l Mol atlal, 8T+ 83% 8= Wol&S HITh 12Tel
M= 8Fd AZAME s wWotskA skt 1257d A% Al(Fig. 28) -2C+= A4
T 239l Wolrt AR o] FojA 97% = YERga, 4TE A4 209 Foll 100% 3
ob&& Holow, 8Cw= Ao 90%7Hx S7FstSlaL, 12T+ 125 AeoM = ds =

o

o

ofshA| eFgkth. wmebA 2T+ 4, 8F A Aol 100%9] ol&S Hol T4l
ou 1257l M= Al 97% = YEh dote] 228 dAsH LRIt St =F
A S 28l sE A Ae® yEuka, 4TdAM = 125Y A 27 10097
ol Fd Aom yrhy HFHQ AFrIer AzHEn. 8CE AYd 45 12

b B Y
T 9%l Wetd A FAd = U9, 12Tl = d A7)bsst A

Wolg wae 4 ¢lol ALozA mHg GeuA 2k

W ot-2 (%,

i ——2T —=—4C ——8C

S I A e A T I

Z= Al (month-day)

Fig. 26. Effect of 4 weeks storage with various low-temperature on
sprouting rate in bleeding heart.
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Fig. 27. Effect of 8 weeks storage with various low-temperature on
sprouting rate in bleeding heart.
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Fig. 28. Effect of 12 weeks storage with various low-temperature on
sprouting rate in bleeding heart.
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Fig. 29. Effect of various temperature and duration on growth in bleeding
heart.

6) A7t ko wE shskeo] Wa}

A JishE Wsks BW 4Fd A% Al(Fig. 30) 2T 50%4 = 713t A
4, 8C& 20% olste] Met&S Ho] AAHo= N3s Ssixs A7]te] e
Aoz AzrEolztt, 85U A Al(Fig. 31) 2T oA 80%°]4 737} o] Fof
Hom 4T+ 60%, 8CE 40%] Mates Bvh 125U Aol A =(Fig. 32) 2T
£ 60%, 4T+ 80%°14, 8TE 20% olst= velwth 2T A% Al 8F Ul A 80%
ol Mststel AAe Aelritozr Azt 127U A Al 23] 60%= SolA]
Se 2noA Z7)zE A7 Al FalE de Aoz AZ4HE 4T 1259
27k 80% °1d AMstE frEste] EdAA A7t w AZtEM, 8Cx AA A
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Fig. 30. Effect of 4 weeks storage with various low-temperature on

flowering rate in bleeding heart.
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Fig. 31. Effect of 8 weeks storage with various low-temperature on
flowering rate in bleeding heart.
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Fig. 32. Effect of 12 weeks storage with various low-temperature on

flowering rate in bleeding heart.
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Table 12. Effect of 4 weeks storage with various low-temperature on
flowering date and duration of view in bleeding heart.

F.d’ FcY F.d® F.Y Ld’ F.a' ¢ F.dl?® P
Temperature . . . F. .
() sprouting stage flowring stage flowering day ) snescence  view
(md) (md) (md) (md) (md) (md) Periedd 4, D)
-2 11.129 1214 1216 1219 1224 1.14 30 3.8 117
4 11.25 12.28 1.5 1.9 1.10 1.18 14 3.27 123
8 11.25 1.26 1.28 2.1 2.4 2.22 26 3.19 115

12 - - - - - - -

* Planting time : 1st November
“First day of sprouting, ‘Floret coloring stage, *First day of flowering, “Flowering
stage, ‘Last day of flowering, "Flower abscission day, 'Flowering period, °First

day of leaf senescence, "Period of view and 911.12 means November 12.

Table 13. Effect of 8 weeks storage with various low-temperature on

flowering date and duration of view in bleeding heart.

F.d* F.c’ F.d* F.Y Ld’ F.a' . F.dl® P’
Temperature F.

) sprouting stage flowring stage flowering day ) snescence view
(md)  (md) (md) (md) (md) (md) PPy )

-2 12.19* 26 2.9 212 2.20 3.3 23 3.25 96

4 1221 127 130 24 27 219 21 323 92
8 1223 128 130 25 27 228 30 324 91
12 - - - - - - - - -

* Planting time : 1st December
"First day of sprouting, YFloret coloring stage, *First day of flowering, “Flowering
stage, 'Last day of flowering, "Flower abscission day, ‘Flowering period, °First

day of leaf senescence, 'Period of view and “12.19 means December 19.
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Table 14. Effect of 12 weeks storage with various low-temperature on
flowering date and duration of view in bleeding heart.

F.d’ F.c’ F.dX FY L.d” F.a' . F.dl® P’
Temperature . . . F. .

) sprouting stage flowring stage flowering day (D) snescence view
(md) (md) (md) (md) (md) (md) P (m.d.) (D)

-2 1.14% 221 2.27 3.3 3.9 3.21 23 4.3 90

4 1.12 2.9 2.12 2.16 2.23 3.8 25 3.29 7

8 1.11 2.8 2.10 2.19 2.23 3.4 23 3.29 78

12 - - - - - - - - -

* Planting time : 1st January
"First day of sprouting, YFloret coloring stage, *First day of flowering, “Flowering
stage, ‘Last day of flowering, "Flower abscission day, ‘Flowering period, °First

day of leaf senescence, ‘Period of view and “l1.14 means January 14.

7H A MEHE 7P Bkew 4Te 8T sl JAlH AT B l=
4TColAM 7HE i, 8T+ Ad4d 2AEDS B &3] frHo] BlysA &

Stk 12T = A3 fstelA] edol Fo]l de BlatH A @2 Ao FAEQIT

Table 15. Effect of 4 weeks storage with various low-temperature on

flowering characteristic in bleeding heart.

Flower  Spike No. of  Floret Flotet  No. of

Temf%rf‘ture length  length  floret  hight  width flower SPAD
(cm) (cm) (cm) (cm) stem
-2 51.2 189 79 3.1 2.4 13 30.7
4 465 137 6.0 2.9 2.4 1.7 28.1
8 38.6 146 6.0 2.8 2.3 1.0 30.7
12 - - - - - - -
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Table 16. Effect of 8 weeks storage with various low-temperature on
flowering characteristic in bleeding heart.

Flower  Spike No. of Floret Flotet No. of
Temperature

. length length floret hight width flower SPAD
()
(cm) (cm) (cm) (cm) stem
-2 52.0 18.2 9.2 35 3.0 15 31.1
4 33.9 15.8 6.8 3.6 29 14 30.1
8 30.1 14.3 7.8 3.6 2.8 1.2 27.8
12 -

3l54& ¥ 163 Fig. 333 o] -2ColA 3744, 33
= -2
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Table 17. Effect of 12 weeks storage with various low-temperature on
flowering characteristic in bleeding heart.

Temperat Flower Spike No. of Floret Flotet No. of

ure length length floret hight width flower SPAD
(C) (cm) (cm) (cm) (cm)  stem
-2 68.5 155 9.7 3.0 2.3 1.8 25.6
4 49.7 13.1 52 3.1 2.6 14 25.3
8 34.9 11.2 4.8 2.9 2.3 1.1 26.1
12 - -
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-2TC 4C 8T 12°¢C

-2C 4T 8C 12T
Fig. 33. Effect of 12 weeks (upper), 8 weeks (middle), and 4 weeks
(lower) storage with various low—temperature on flowering in
bleeding heart.

Fig. 34. Effect of different day and night temperature on flower color in
bleeding heart.
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Table 18. Effect of different night temperature on growth in bleeding heart.

Plant Plant Leaf Leaf

( dg;fjf;‘infc) hight  width length  width I\IIZ'afOf (Cnllg)/r;p;%)
(cm) (cm) (cm) (cm)
25/15 410 701 199 139 413 3.45
95/20 403 632 214 129 320 338
25/%5 409 592 203 126 447 296

B FE A A3 (Fig. 35) 25/15C(s/Hh) ok 25/20C+ & W3stE HolA

rofor} vrm W] enyt WE o 9595C A= Ay 20U o]F 33 Fol
AA FasAT TFFL 25/15T S 25/20C = Hlseh Aol v whs 124

=
2lgk 25/25C= A= § A Zo] 3t
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Fig. 35. Effect of different night temperature on photosynthesis and
transpiration in bleeding heart.

T - ool RAfole] wE gy 545 BHEGE 19), skE @A7I7F 49 T
Lagk ShES Al T F/opt 2% AYE gelste] AP 23 A5
e B, ZAT BT, EIERE 5 25/25Col A 25/15T ¢k 25/20TC el Hls| A1 717t
s o] Aol Wi, JRE) = ofghe] A (25T) o= #elRk APl 13d =
7h #kaL, ofztell 20T olstz A Yd 2 23~259 = 109 ol 7HEH7]itol
AGE Ak fhitEe] Hi= A7 ofgbe] 256TC= w2¥e] g Ao @] =dst

Table 19. Effect of different night temperature on flowering stage in
bleeding heart.

F.b.t’ F.c’ F.d* FY Ld’ Fa' ¢ F.dl®
Treatment . . F.
(day/night C) stage stage flowring stage flowering day X snescence
av/me (m.d.) (m.d.) (m.d.) (m.d.) (md) (md) period(D) (m.d.)
25/15 4.7 4.10 4.14 4.15 4.19 5.7 23 6.4
25/20 4.7 411 4.13 4.15 4.18 5.8 25 6.4
25/25 4.7 4.7 49 4.14 4.17 4.22 13 5.26

“Floret bud formation stage, “Floret coloring stage, *First day of flowering,
“Flowering stage, ‘Last day of flowering, "Flower abscission day, 'Flowering

period, °First day of leaf senescence and 4.7 means April 7.

,88,



A=, 20T olstzm Agg shitol Hls) 99 WA <lo] F3pE7] AlFeto] At
Zbol Fokth

MeFEALS 3 209 2k ofgte] 255 25T R A A shitelA A=
ozt FrFstl o, ofgte] 2k WAl AR 25/15T oM fERR MERZE @

A Fohstel BAAAE Eolt e merh

>

Table 20. Effect of different night temperature on characteristic flowering

in bleeding heart.

No. of  Flower Spike No. of Floret Floret

( dg;fj;;infc ) flower length length floret hight width
stem (cm) (cm) (cm) (cm)
25/15 3.7 48.8 17.2 18.2 2.9 2.1
25/20 3.0 50.9 9.9 11.0 3.0 2.2
25/25 4.3 43.1 109 11.8 3.0 2.0

A sl 5L ® 217 1% 349 Zr)h 25/15CAA H24E YERE a
grol 25/20C 9 25/25C Rt =A YErstew, A {E4f Ul anthocyanin 3% o]
2LVt $E&4E dASA FUFske] 25/15C A2 FolA] 260 mg/100gS 2 25/25TC =
del £EE 9 el 072 mg/100g Wr} 36WU FAhSAT S A 43

Table 21. Effect of different night temperature on flower color and content

of anthocyanin in bleeding heart.

Trea.tment L 4 b Anthocyanin
(day/night C) (mg/100g)
25/15 49.53 37.54 0.24 2.60
25/20 55.14 29.78 -2.94 1.35
25/25 61.51 25.09 0.03 0.72
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Table 22. Effect of artificial light source on growth in bleeding heart.

Light P.l ant Pl.ant Leaf L.e af No. of S‘Fem Chlorophyll
SoUrce hight width  length  width loaf width (mg/a. F.W)
(cm) (cm) (cm) (cm) (mm) &8,
Red 50.6 63.0 24.5 16.8 42 6.49 474
Blue 50.2 2.7 26.8 17.7 43.3 7.40 4.60
R+B 54.7 68.3 22.8 17.3 49.3 7.52 4.84
White 49.9 74.4 23.9 134 41.3 6.68 5.65

"Floret bud formation stage, ‘Floret coloring stage, *First day of flowering,
“Flowering stage, ‘Last day of flowering, “Flower abscission day, ‘Flowering

period, °First day of leaf senescence.
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Fig. 36. Effect of different artificial light source on photosynthesis and
transpiration in Dicentra spectabilis.
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Table 23. Effect of different artificial light source on flowering stage in
Dicentra spectabilis.

Light F.b.t’ Fc’ F.d* FY Ld’ Fa' Rl F.dl®
g stage stage  flowring stage  flowering day o snescence
source (md)  (md) (md) (md) (md) (md) PeriodD g
Red 4.3" 412 4.13 4.15 4.19 5.4 21 6.13
Blue 4.3 411 4.13 4.15 4.18 5.3 20 6.17
R+B 4.3 4.9 411 4.13 417 5.3 22 6.7
White 4.3 49 411 412 4.16 55 24 6.23

“Floret bud formation stage, “Floret coloring stage, *First day of flowering,
“Flowering stage, ‘Last day of flowering, "Flower abscission day, '‘Flowering

period, °First day of leaf senescence and 4.3 means April 3th.

Table 24. Effect of different artificial light source on flowering charac-

teristic in bleeding heart.

No. of Flower Spike No. of Total No Floret Flotet
Light source flower length length floret " hight width
of floret

stem (cm) (cm) (cm) (cm)

Red 5.0 50.9 15.8 18.3 915 3.2 2.7
Blue 5.3 51.3 11.3 17.4 92.2 3.2 2.3
R+B 4.7 56.1 15.1 234 110.0 34 2.2
White 6.3 48.8 13.1 23.7 149.3 3.3 2.3
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Table 25. Effect of different artificial light source on flower color and
content of anthocyanin in bleeding heart.

Light source L a b An(tr};ogc/yge;nin
Blue 69.92 14.19 -0.69 0.41
R+B 65.43 20.83 1.61 0.98

White 57.87 24.92 -3.71 1.05
Red 60.34 27.91 -0.55 1.48

A%, A% 9 AFELE Whitedol ) $5a9m, F40a
& Red¥ol A /b3 a5tk Blued A9 stolAd 3345 34, 4% 2 34 5

Oﬂ/q ﬁiﬂzjlgi 7]—7§‘ ‘7%.8__ Z,:;‘(]TE: E%{

o vl BFe) pHA e e e s
el pHE 92 AYsel B4E AW 26) prt 2255 44, 9%, 9
SAAE 5 Aol $5E Ao, 243 2% 52 TP AAHA A%L pH

170+ ¢} A

80 Aol 71 AHo] &-s9it)

Table 26. Effects of different irrigation pH on growth in bleeding heart

Plant Plant leaf leaf N ¢ Stem

pH hight  width length width > %'  width SPAD
leaf

(cm) (cm) (cm) (cm) (mm)
3.0 53.7 533 282 166 67 6.9 254
40 448 55.7 294 20.0 59 76 %.1
6.0 449 54.2 303 21.9 60 6.7 278
8.0 667 648 334 221 64 7.7 30.6
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Fig. 37. Effects of different irrigation pH on photosynthesis and transpira-
tion in bleeding heart.
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Table 27. Effects of different irrigation pH on flowering characteristic in
bleeding heart

Fh.t? F.d* F.Y Ld”’ Fa" Bl F.dl’
pH stage flowring stage flowering day o snescence

(md) (md)  (md)  (md)  (md)  Period® g
3.0 5.10" 512 5.14 5.16 5.20 3 6.10
4.0 5.10 513 5.16 519 5.26 13 7.1
6.0 5.10 512 5.14 5.16 5.22 10 7.8
8.0 5.10 512 5.14 517 5.22 10 712

YFloret bud formation stage, *First day of flowering, “"Flowering stage, 'Last day
of flowering, “Flower abscission day, 'Flowering period, °First day of leaf

senescence and '5.10 means May 10.
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Table 28. Effects of different irrigation pH on flowering characteristic in
bleeding heart.

No. of Flower Spike No. of Floret Flotet
pH flower length length floret hight  width
stem (cm) (cm) (cm) (cm)
3.0 5.0 50.9 15.8 18.3 2.8 2.1
4.0 5.3 51.3 11.3 17.4 3.0 2.3
6.0 4.7 56.1 15.1 23.4 2.8 2.2
8.0 6.3 48.8 13.1 23.7 2.8 1.8

%
rir
i
N
ko)
)
N

F =255 Ad=o] pH 8ollA 44 5 2719 o] <l HA7|3to)
SAH YT pH 3.07= 1/1L o)A =o) 7 YERT)
ko] Ao 2AHFA e ofe AUl 24 oA AAE BAF N pHAY
S AAH R MEEAH] A XS R ZAHATHE 28). 45 pH 4.00]
B

34 5 N5 pH 4ol A $-55h9

Table 29. Effects of different irrigation pH on flower color in bleeding heart.

pH L a b

3.0 63.83 4.06 0.79
4.0 67.34 25.66 -0.73
6.0 72.53 0.13 6.49
8.0 76.26 3.03 1.34

g pHYE A4S vwd Z23(FE 29, Fig. 46) 4S5 Yedl= agko]l pH 49
A o2 Aol vl& 53 =4 e st e] 7 78kt Soldk Al pH
=

e gde] wA7e AdHE Aow yeht ofF
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Fig. 38. Effects of different shading rate on change of average, maximum,

and minimum atmospheric and soil temperature in bleeding heart.
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Fig. 41. Effects of different shading rate on change of flower stem length
in bleeding heart. 4.16 means April 16.
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Fig. 42. Effects of different shading rate on change of leaf temperature
and amount of photosynthesis in bleeding heart. 5.4 means May
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Fig. 43. Effects of different shading rate on change of amount of
transpiration in bleeding heart. 5.4 means May 4th.
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Fig. 44. Effect of different artificial Fig. 45. Difference of view value
light source on flower color between 70%(a) shade and 90%
in bleeding heart. (b) shade in bleeding heart.

Fig. 46. Effects of different irrigation pH on flower color and leaf
senescence in bleeding heart.
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Fig. 47. Effects of different shading rate on the flower color in bleeding
heart.
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Table 30. Effects of different shading rate on flowering and leaf senescence
stage in bleeding heart

Shading F.c.v F.d*® F.Y L.d” F.a"' Fdl' S.s Ld’
rate stage floret stage flowering day sene. stage Senescence
(%)” (md) (md (md (m.d) (md) (md (md) (m.d)

0 413" 4.22 4.24 4.29 519 525 6.5 6.16
30 413 4.22 4.27 5.4 519 528 6.7 6.17
50 413 4.22 4.27 5.3 519 525 6.4 6.17
70 412 4.22 4.30 5.6 521 527 6.7 6.20
90 412 4.23 4.28 5.4 518 527 6.10 6.21

“Shading rate: 0%(80,000lux), 30%(64,000), 50%(48,000), 70%(32,000), 90%(16,000)
YFloret coloring stage, *First day of floret, “Flowering stage, ‘Last day of
flowering, “Flower abscission day, 'First day of leaf senescence, *Senescence

stage, "Last day of Senescence, and “4.13 means April 13.
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Table 31. Effects of different shading rate on root growth in bleeding heart.

Shading rate(%) Root F.W.(g) Root D.W.(g)
0 151.0 24.0
30 159.0 30.4
50 196.2 45.0
70 229.3 58.1
90 140.0 254

Fig. 48. A photograph of bleeding heart root effected different shading

rate.
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Table 32. The changes of flower and leaf color according to shading rate
in bleeding heart.

Flower color Leaf color
Shading rate(%)
L a b L a b
0 52.5 376 44 36.6 19.1 28.1
30 53.2 36.2 41 394 18.3 27.7
50 50.7 36.6 3.2 38.3 186 28.2
70 52.5 38.0 3.9 409 15.8 27.0
90 50.6 38.0 46 35.2 17.1 24.0

11, 252 ¢34 234A4S AT AAA &4

7k A2 Heke] EC 9 pH

WE W weY AE Mk F ool ECE 2AE A3KFig. 49) I =N 29}
PN

T

o] 7b4 AL 200 mL/A F4TFe] ECb b R A ol 58 wEn el

H&o] 50% olstel AelelA 200 mL/¥ 2 A& FS T 4§ 27]d= EC7t
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Fig. 49. The changes in the EC of leachate solution according to different
ratios of peat moss : perlite and amount of irrigation in bleeding

heart.
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Fig. 50. The changes in the pH of leachate solution according to different
ratios of peat moss : perlite and amount of irrigation in bleeding

heart.
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Effect of different ratios of peat moss : perlite and amount of
irrigation on changes of plant height in Dicentra spectabilis.
3.23 means March 23.
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Fig. 52. Effect of different ratios of peat moss : perlite and amount of
irrigation on changes of plant width in bleeding heart. 3.23 means
March. 23.
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Effect of different ratios of peat moss : perlite and amount of
irrigation on changes of number of leafs in bleeding heart.

3.23 means March 23.
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R e 2w AR Akl SrbekslaE, A el WEke ’
ol &gkout, 400 mL/E = BT Aol F7HEol 7MY ¥ A FelAvh(Fig.

54). 1200 mL/9 =2 @A #F3 HedAe 238 200 mL/E=2 #3 29 vl
523 BAFE B L3 dFE BEAF S =] HA e Ao FALY
At MER A Fgko] 30%E P A Ao AE 1200 2] 7F 400 mL/<

o mL/2]
gurt 2457 B Gehed, MERs FFol 45T MRS SR BF
=

oJEo] ug3t BAYe] FeAold mebE ezt Folk Y Ao 2AHY
th 1200 mL/QE 7HF @ol sFels Aelol A SPADge] 744 vtob @%a Fagol
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Fig.
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41 4.6 411 4.5 4.2 426 52 511
T ALY (€.¢Y)
. Effect of different ratios of peat moss : perlite and amount of

irrigation on changes of lateral shoots in bleeding heart.
4.1 means April 1st.
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Fig. 55. Effect of different ratios of peat moss : perlite and amount of
irrigation on time—course of leaf SPAD(relative leaf greeness)
value in bleeding heart. 4.12 means April 12.
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Makr el S 36~3759 Alol& Z 2ol S HolA| FUAINE 3 E v ER A}
HelolEQ] Hgo] 713U 79 428%YU, 5 5 4459, 31 7L 4639 E VERA
o] o] Yo FE ARyt A Hde, 7 3% 31 73] Aol 359 AL
Na7E A== a7k A BERE 7 0 32 598Y, 5 5E 625Y, 31 7
6709 = 7Hst7] o} o] MERZ: FheFo] vrSFE AAdH At Ao 7Y A=

fEifie Feasel 7HE v Aok 7B =2 Aol W Aststs dFow
200 mL/9 A&7k 7H ke RSk eFelar, 1200, 400, 800 mL/d =o.=2 7)strt
A A 9¥o] Aol Aoz FAHAY. M7= ud Ao
g 400mL/ A 2lol M 49d 2 7HE AAH AL 200 mL/L A ok= 10243 2o
7 WUk gAES Hrow Fa wgE HLd 2 s e JERA - A

olE°] Hl&o] 3 : 74 31¥®E 7 :3 Win] Hd 87U A= AA HAG WIYE
HES Fdos Ja g e Msrzhe 2y 200 mL/Y A 2lelA 20

Table 33. Effect of different ratios of peat moss : perlite and amount of
irrigation on flowering period in bleeding heart.

. A days to first A days to A days to last The flowering period
Irrig . . .
ation flowering flowering stage flowering (days)
(ml/

day) 73 55 37 MY 73 55 37 M 73 55 37 M 73 55 37 M

1200 36 36 35 357 41 45 48 447 61 71 73 6833 25 35 38 3267

800 38 43 40 403 42 49 45 453 62 64 70 6533 24 21 30 2500

400 40 35 41 387 47 47 53 490 64 64 T4 6733 24 29 33 2867

200 36 30 28 313 41 37 39 390 52 51 51 5133 16 21 23 20.00

Mean 37.5 36.0 36.0 36.5 42.8 44.5 46.3 44.5 59.75 625 67.0 63.08 22.25 26.50 31.00 26.59

*Mean
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2 7 sk 1,200 mL/Y A gelA 32742 7HE =AZMA Jhskste] Hol 127
do] A Aor A AT AFAY FEE JEEX 3 HolE TR &

1,200 mL/¥ =2 Fost= Aol T3 mite #d71S 7P wol A%

==
Bt HEgolE Hjgd mE A Aol fFode] glloy, F A
w2 st AstE B FdHe] 4&4E O AU E AR YEY, HaF
A2 1 o 200 mL/Y A oA 46.8cmE 1200 mL/¥ Ao Hvl& 7.4cm7F ¢

ACHGE 34). NER AT u]g A4S go] vned WNER~Y HelEs] G

o] 5: 5013 200 mL/¥ 4& 55T W 3Gl 498cm= 7HE Zh 3 o] 7
& ZHA YER 703 1&3 1200 mL/Y A2 T+ 355cmet ¥t 14.3cmy A

ol7b ek fEHIE 94 200 mL/A A TN BREEAF b Atk sast 5
&R 40 0mL/Y Al FolA g Aol sk ARENe 4
FEF] BeFE JYYF 979 A% Qo] o FofH Ao

ol
ol
Az FAFFE U A AN F0E Aow BuH

~J

Table 34. Effect of different ratios of peat moss : perlite and amount of
irrigation on characteristic of flower bleeding heart.

flower stem

erigation length(cm) Spike length(cm) Floret height(cm) Floret width(cm)

(ml/day)
73 55 37 M* 73 55 37 M 73 55 37 M 73 55 37 M

1200 355 41.6 41.2 394 14.8 16.8 116 144 25 2.9 26 267 23 2.3 2.3 2.30

800 416 373 45.0 41.318.1 14717.8 169 2.9 2.8 2.9 287 25 2.3 22 233

400 45.8 39.3 40.6 419 16.3 155 13.0 149 27 2.8 3.1 287 2.5 23 2.4 2.40

200 49.349.8 415 46.8 17.818.7 11.0 175 2.9 27 27 277 23 22 22 223

Mean 43.1 42.0 42.1 424 16.8 17.7 134 159 2775 28 28 279 2.40 2.27 2.27 2.31

“Mean
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2o} HEtolE T v g webA = 70 3 Aol ATl 7% =%, 50 59
3:7oAE A9 Hzd FAE BAT A% AHYE FAE B FAF
FE AAFTE FAL Aoz 2AHAE, 1200 mL/Y Az oA MIEd
2 200 mL/Y A Al Hyt 887g R} 478u o FALC %
boll 1200 mL/9 A g7} 486.7¢ o= 7174
FAYG AE5sE AAT 22 43S 2o wdE TFlE 7 03 ATt
= Atk MEES Hrow 3 FAg 71
18 Aox 2ARE ST 1200 mL/49
5641 O FAYTH MGES} FAFES
Tl 2w Al 703 3ol 1200 mL/Y A g F7F 106.3go 2 M FA ST 6l
FE HEN whud)TFE F AFolE HeolA Fua, dFd B T Fdwgol
BETS 5% S7bskel, 1200 mL/d A2l el A 132702 20 mL/Y A= Al 7.7
A Bk 55707 o wokth AAl AR E JER A ko] @ ol
=

. «
BoAgel 44 AT 2 5 ok

o
5

4
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=
o
|
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2
o
o
ofN
%
ol
f
o
N
w
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tlo
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fhan A
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Table 35. Effect of different ratios of peat moss : perlite and amount of

irrigation on characteristic of root bleeding heart.

L FW.(g) D.W.(g) No. of bud
Irrigation

(ml/day) 7.3 55 377 Mean 7:3 55 37 Mean 7:3 55 37 Mean

1200  486.7 365.0 390.6 414.1 106.3 85.3 97.7 964 12.3 153 12.0 13.20

800  376.5286.3 275.2 31277 93.2 75.8 66.0 783 12.3 13.0 13.0 12.77

400 241.8 239.3 230.3 237.1 585 577 565 576 13.7 90 13.0 11.90

200 89.3 875 837 85 143 195 177 172 70 87 73 767

Mean 2986 2445 246.2 263.1 68.1 596 595 624 11.32 115 11.32 11.39
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Fig. 56. A photograph of Dicentra spectabilis root effected different
ratios of peat moss : perlite and amount of irrigation.

AEAW A AagEs B4 Ad= Fig. 5734 2vh o e aEHR dEe
2 AolE HolA] FRANE 515 E7I 400 mL/A Aol FF =A vERR
oo dda e 7 003
400 mL/d Ads oz FAFo] Aers S7HetrrE 200 mL/E AgolA o

Al adks A¥Fe BATh

3.80

370 |
0 360
= 350
= 340
8330 |
o

320 |

310 |

3.00
73 55 37 = 7:3 55 37 g
it ST ERA TR |E) = |S(T| ERA 20| E)

Fig. 57. Effect of different ratios of peat moss : perlite and amount of
irrigation on absorption of T-N in bleeding heart.
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9 W Que FrsYe VERAG veelE B3 WgdAE 73 EgelA
okal, Felwel A 1200 mL/Q AelelA A VEThFig. 58). WelelA e F
IFE EFu&ol A 7 304 BAW AP Aol Aok v

2 200 mL/¥ Aol 7+ =k

= 4
olr
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Fig. 58. Effect of different ratios of peat moss : perlite and amount of
irrigation on absorption of .P20s5 in bleeding heart.
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Fig. 59. Effect of different ratios of peat moss : perlite and amount of
irrigation on absorption of K20 in bleeding heart.
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A3d 4 8.

F93b(Dicentra spectabilis 1L.)¥ N7 27F 9= ZU A3 F9 stz A
et HEY ggALte] dAs aH e AAelth B A= 59E wAY
P v e E4 33 TV x AR &89 59t 7l degmYds 3

Hj
WA HFSA I AAE B R AESANEe] Az AE THEEte] 2

A B dFEL AAE St Al =H A

1L AR A 2 9 ol &AL
Fdste] AAAE AFEE A MRk A B AT AA

fex]
1
s gglon F2 gt FE WA A Fudl A4stu sk A4

AAe et A gk 2ol oFk AAHA o WolAw BAFIE e
7.

2. Ao Fyetst 2 dolg 4 A Y

TAE 690l AT F FA 52T WAl AFE F olE & 49 GAs
3000 ppm A g Fol A 81.7% wrolste] 71 FEEPa, AE 1Y T Ay A
o &= GAsz 4000 ppmel A 61.5% wolate] 74 oatslal HySOs0l 20~40%3F A
218 L= 385~47.8% wrolstdul. W s1So deerES Al T ow-Hu|Fe

A olE o ¥ shEAlel: welrk 49s Aol A g

R B m | = R A= | = e ) e ) s P
Fako] wi-A FAHRAGNN AJAERZRE wgdd A¥A ZAEE 3F 9
Zol7F 1 mmd # #HFEES sto] 4W A 3 (tetrahedral) 4%27F @/ = ATt 4709
AxAE EEEHe A4 FAueAR et xR RAXE 3hE e 4ol
4~5 mmol A #FHY L xRS DEFEH S B4 (polygonum)o] L oH, Hjdo

e wold+= = AHlF(amphitropous) G th 370¢] FEld S AEE wijdo] A
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&3 Follm= HapshA @ar ol st d AEw A= Fw8] AssArh
=3 b= Hole A Bz AU FEo] 05 mm FolA AshE%
25 /HE Zo& veyt. £4 F ule 78, A3YE AX A9

WA wersgor], FA471 AEE i 27 A9NE AT A8 % 5 UL

4. A2, thobAl @ A A EZe) AT Fo HH mAzRAd Y

Az e Foputol A7 dhujES MSH| Aol TDZ 05~1.0 mg/L @5 3
< NAA 0.1 mg/L3 EH7F v ol A, Ae] 22 RE shoote] AL kinetin 2.0
mg/L 7P Ao A 718 FEstdt 2% =% 01 mg/L NAA + 2.0 mg/L
kinetin F7bul Aol A @A ol et PSS e 7l mFA 28| Aol 1.0
mg/L 24-D SHuA W Ao A =g vty Aeas Ao F2x7 23}
AT 2o MSHlAo] Bl T Ee] EA JERgom, AAEe HAES 1/20)
SH7|Euj ol A 7Hd =4 eyt 250 ml Abz-Zeb=10 4 500071 o] 4He] arvl
T2 AAE 7 ke Aok

5. 71l A=A A B VS He] dFSAAA 29

7l FEE shoots 2~3em Zolz dwtsto] 7 4rajste] S o] 74 st
A=t 0.5 mg/L IBAS kineting E3H3 7Fet MSH] A Al Hte] o] 1A ¥} shoot?]
shth AAMEZufe wol fFAle] GAs= BAARA AEAZS] AYS
oAt E e UErNon, 1/23]4 SHuf Aol A A/dA1 AEAZ] Aol &

St AAEAE FVIA0l T2 MEE T Aol FdH

rr

oz
o
)
}ol'

6. FAEAL EFe W Fre FAYM &R
olAlel old A AEAle] Edests §A42AE som Nelw A st FE
2 Aol Uol§ PES W& Zei mako] FAskel RH 90%9) WPgelA 1

A F 5% Ame] wEes el @ AAEAZTE wobd s Alxs)
Rolg 2t 4A%AE 29 QelgAES 512 ERE Bl FiE EE

- 121 -



o14stel 1Y F 58%9 AEEL uehiAch B AZAM AT Fuel Fd
PP AAZ ] dol mrhe vhobale] AW o3 FHo] FEHAAL. 5
3 sadel we A4 FdaE o Axdor sy FHF A AAYl B A

o FErh

GHhAl 7= 49 179 s 2700 SAME S Agste] dAlste Ao wEs

Fd AR, i Wobdolyt le] Hif o] F-ol AAsh= Ao M Aol

8 sl Aol Bojals £E a9l T

F38 mel A9H FUBIE A 20 4TAN 87 o A A
95%0l ¢ Wolste] EHAeIYw, MEE galE 2TE 85U AFdA, 1
4TE 12598 AR A4 0% 4 A2 = AT

H

ol

9. AuitRiel] W A5 B ANSEA AT
7h duzzh S 5 sl m A= e
Auxp %= 25/16CelA fepE MMEEr dASA S7hste] #37HA S &
AR L, 25/15T oA H24S YeEtll = aghol 25/20C ¢ 25/25CH T =4 LERS:
o AA et anthocyanin 3FH%E 25/15C A& T4 2.60 mg/100g= 7+
ATH
. 3de] Tl we s st
A5 9 HEEE S Whiteddoll A a8k, st ReddolA 7HE ¢

stk Blued Al sholA #@A T4, A% 2 54 SN AAHoR 43

Hir

v P

EREH, fEER, 3t & 239 & ASSAE2 2 sAEde] pH 494 7+
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oAl e 4% 2 A5

70% 33 Al 242 40cm R A Ao FHiE-S 65cm o] o= TH
WRov, $4FE 60cmz THE Ao ks Al 0% A A A B
AL ek WL A9 0% AN 59 627 Y RAw, FAGo] 49
2090 74 kel et B e 0% A% A 79 AR s Ads o)

F713bE ARATI= BT AR

<

10. &2 ot d B3RS s AuiAA &
TGS Joog Fa wgGE v & o2 |t JE » gl E 9

Hlgo] 3:7 oA 31d& 7:3 tiH] Hol 87U AXE AAHUT WYE &S 3
oz Fu FhgFEd mE NS BH 200 mL/Y AP elA 209 = 7w
0

StaL, 1,200 mL/d A2l A 32742 7 =AZMA JREkete] Ao 12.7de] AR
Ak Al A2

I HSES JERA 3 HPolE 7R £338o] 1200 mL/9E F
3} B3le] #AVIE T Hol A= AR 2AEAY
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11. =& AlA @23)

1) =58AE: dewde 53 F93H( Dicentra spectabilis Lemaire )| o 254
3k3) %] ¢ A EAEFES| A, 31(2) ¢ 121-126, 2004

2) =EAE  F33(Dicentra spectabilis)e] wW-$-A dA L Hgzpujo] B
g3) 2] sk Al A B3] A, 18(2) ¢ 302-308, 2005

D =533t vsgAke] 7ol o3 4
2) 333te] 914 Fdetg 2 sE AT A2 8
Aol #38t7] =], 21(10) : 91, 2003.
3) Seed germination and mass production of in vitro seedlings by multiple shoot
in Dicentra spectabilis L.
S A=A Ees 30Fd7Id F A EAS, 2003
4) 33ste] 4 g A5l g dedEe] 3
e sk7) =], 21(10) : 91, 2003.
5) wdste] A B Aol g F/oRt =9 3k
Aol #38k7] =], 21(10) : 91, 2003.
6) 2HFH &l W& Fdste] A5 2 IHESA
Aol 287, 22(10) : 66, 2004
7) ke wols Y-S 9 shetokE A &
o sk7] =], 23(10) : 68, 2005

fol

8) Mass propagation of in vitro plantlets in Dicentra spectabilis

FHAEARTEE FATEU D FAFFHEAY, 2005

) A% A7 A F5Y9 uS
A& . F9dst 5o AFAM 71 A (2004, 11. 4)
2) AEden sAMLdESd Juddxay dduk uS
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A6 ATl =7 s aetrl e g m

1. Astilbe

7}, Astilbe x arendsii Arends 'Avalanche’, 'Deutschland’, 'Fanal’, and 'Red
Sentinel’ &< 5TCelA 0, 3, 6, 9, 125FY &< A2A stk 12579 ¢ A=
A Res W I, 2, AAT o FAV 7PE =Sk wWAaAEd
‘Avalanche’®} 'Deutschland’ %% 97¢Y ol3t=, HAMAE< 'Fanal’?} 'Red
Sentinel' # %<& 65 olstz A2Ag s Wl Myt =4 FSkrh. 'Fanal' 2%
'‘Red Sentinel’ % &2 A 44 A2 P& o BHop 4N 4 A2 P& o 49
ES Aol A HD.j. beattie and E.J. Holcomb, 1982).
U, 1S 1259 ol A AFdE -2~0Tel JEZ 29 7 FHdte]
ol gle Zelddal B wol AAst= Aol Foh(Dole?t Wilkins, 1998).

ol
o

ok 2ol e AFE BAE] A8 4TCR FSANE S Aadgvt @
¥ ojA 3, Wd FHE gapstrdal a9t (Latta®t Doucette,1932).
2. Freesia

ol

ZE| Aol FHo| BFE A e S AAP st FHo] Zojx=d Fu

=9 A, 8539994 FFF(sink/source) FANA [AAE FEEYE T =3

S (Varga®l Brainsma, 1976), XA ool A F-Lo] A of 23|

27 71 2 w29 | AT ] [AAYE ol "A Tk A olH e &
LR FAF AAV JdE Ao HeE Bi% rHGilbertson %, 1981)

fl
fr

3. Liatris

soAgel ABEE SoiE FERE Ayt 9P/ FEske Aol BE
Z Eal

© MekehA v OhuEIEE S, 1988).

4. Primula
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